(live birth) of 28.6% per transfer or 6.9% per embryo transfer and live birth of 21.42% per transfer or 5.2% per embryo transfer (4) which is substantially higher than those previously reported in the literature for goat (5, 6) . Despite high cloning efstill room to further improvement. One approach is level (7) and an alternative approach is to improve the intervening techniques in zona free SCNT like oocyte maturation, activation protocols, single versus group culture, and culture condition (8).
Literature study reveal that across all the species studied, including goat, composition of embryo culture media have profound effects on in vitro and in vivo embryo development (8) . In regard to this, a characteristic feature of embryos produced in vitro, is high production of reactive oxygen spe-tion, which to our knowledge has not been so far studied. During in vitro embryo culture, ROS level increases in a cell cycle dependent manner compared to the in vivo embryos at similar stages (9, 11) . SCNT is a more complicated process in which oocyte is exposed to various media and high degrees of in vitro manipulation which may adversely affect oxidation-reduction (REDOX) state of developing embryo, a situation so called oxidative stress (11). Therefore, it is important to understand how different method of embryo production [in vitro fertilization (IVF vs. SCNT)] can effect ROS generation.
The association between increased generations of ROS with zygote genomic activation (ZGA), also known as maternal to embryo transition, was mice as an in vitro effect which it is well established that early embryonic block, and the rise in generation of ROS during IVP are also maternally derived and are independent of paternal contributotally replaced with diploid nuclei of a somatic cell without any contribution by sperm. Therefore, it is interesting to know, how the absence of maternal and paternal chromosomes and presence of somatic cell nuclei affect pattern of ROS generation in developing SCNT embryos. Such information may reveal light on how cytoplasm may regulate production of ROS and may also help investigators to understand if, and what extent, antioxidant com-SCNT reconstructed embryos. In farm animals, Dalvit et al. (12) and Ostad Hosseini et al. (13) studied patterns of ROS production during in vitro development of cattle and sheep embryos, respectively. But, there is no study on pattern of ROS production during in vitro development of goat IVF or SCNT embryos. Therefore, the aim of this study was to develop and compare patterns of ROS production during different stages of pre-implantation of zona free IVF and zona free SCNT embryos in goat.
Materials and Methods
This study was approved by the Ethical Committee of Royan Institute. In this experimental study, unless otherwise stated, all chemicals and media used in the present study were obtained from Sigma (St. Louis, MO, USA) and Gibco (Life Technologies, Rockville, MD, USA), respectively.
in vitro
Abattoir-derived ovaries were used for oocyte in vitro maturation (IVM) as described previously (4). In brief, cumulus oocyte complexes (COCs) were aspirated from antral follicles and cultured in maturation medium comprised of tissue culture fetal calf serum (FCS), Na-pyruvate (2.5 mM), L---5% CO 2 , and maximum humidity.
Ear biopsy of a healthy pre-pubertal female goat was taken, cut into 2-3 mm 2 fragments and cultured -CO 2 in air. Cell started to shed out of the explants. Eventually, these cells proliferate to forms a conusing differential immunostaining with anti-vimen-passages 3-5 were used for SCNT experiments. In 2 , and at the next day, the cells were washed thrice with phosphate buffer saline (PBS) before being 4-5 days. Serum starved cells were subsequently trypsinized and used for SCNT procedure.
In vitro matured oocytes were denuded by vortexgood quality oocytes with homogenous cytoplasm periments. The process of zona free enucleation was carried out as described previously by . In brief, zona was removed by brief enzymatic digestion [5 mg pronase in 1 mL of Hepes-TCM199 (HTCM) for 1 minute] followed by incubation in TCM199 free of pronase and contain-It has been demonstrated that goat matured oocytes revealed a cytoplasmic extrusion cone which is clearly visible upon zona removal (14). This extrusion is considered as a hallmark of MII spindle during enucleation. The cytoplasmic extrusion was MII extrusion was separated from the oocyte. Sucminutes). During this procedure enucleated oocyte are not exposed to UV.
Nuclear transfer (NT) was carried out according blasts were adhered to oocytes in medium contain-4 CaCl 2 (BSA)]. The reconstructed oocytes were rested for 6-DMAP for 2 hours. Reconstituted-activated oo-2 , 5% O 2 and humidi-
In vitro
According to Forouzanfar et al. (16) , matured COCs were washed in fertilization medium and eral oil. Five straws of frozen spermatozoa were through Pure Sperm (Nidacon, Gothenburg, Swespermatozoa from the immotile by centrifugation centration of two million sperm per ml. The inseminated COCs were incubated for 22 hours in 5% CO 2 hours after insemination, cumulus cells attached to oocytes were mechanically removed via pipetting. Then, the zona was removed by brief enzymatic digestion as described above. The presumptive zyas described for SCNT embryos.
The process of ROS measurement was as described previously (13) . In brief, stock solutions of -FDA, Sigma D6883, 5 mM) were prepared in diwere prepared by dilution in TCM199 containing 1 mg/ mL poly vinyl alcohol (PVA). To measure from zona free IVF or SCNT were pooled from different stages of embryo development (2-cells, 4-cells, 5-8-cells, and greater than 8-cells, morula and expanded blastocysts). Zona free metaphase-II (MII) oocytes were also simultaneously assessed.
lets covered by mineral oil and then immediately wavelength: 515-565 nm). Digital images of individual oocyte or embryo were taken with a high sensitive camera (DP-72, Olympus, Japan). Background, positive and negative controls were taken variations. Fluorescent intensity of each taken im-age was assessed by Image J (National Institute of Mental Health, Bethesda, MD, USA). To reduce variations and possible errors, when comparison between different groups was required, experiments were designed so that oocytes and embryos from each group were available for assessment at the same period. To further minimize inter-exper-sity of each embryonic stage to the mean intensity of MII-oocytes in the same experiment was calculated according to the below formula: in the intensity of embryos from the mean intensity of MII-oocytes/mean intensity of MII-oocytes. It is important to note that for assessment of ROS at each embryonic stage at least three replicates were bryos and 55 to 95 oocytes were assessed.
Percentages data were transformed by ArcSin and analyzed by one way ANOVA model of SPSS version 17 (SPSS, Science, Chicago, IL, USA). Differences were compared by the Tukey multiple comparison post hoc test. All data are expressed as Results oocyte, zona free SCNT and IVF embryos at different stages of pre-implantation embryo development following staining with DCFHDA for ROS measurement. As depicted, irrespective of embryo as the embryo progressed toward blastocyst stage.
Fig.1:
In vitro - Figure 2 shows the mean relative intensities of embryos relative to MII-oocytes at different stages of development in zona free IVF and SCNT derived embryos. As shown, in zona free IVF emdecreased at 4 and 8-cell stages relative to the mean intensity of MII-oocytes and then began to increases by compact and blastocyst stages relative to all the earlier stages. Moreover, the relative higher than compact embryos. Fig.2 .
In vitro -
The trend of ROS production in SCNT embryos appear to follow the same trend as those of zona free IVF embryos. In zona free IVF embryos the decrement in ROS occur after 2-cell stage while in zona free SCNT reconstructs, the decrements being at earlier stage (post reconstruction). Subsequently, the increment in ROS production in zona free IVF embryos begin at around 8-cell stage while the increment in zona free SCNT embryo begin at around 4-cell stage. Therefore, despite similar trend of ROS groups were observed at 2-(lower in SCNT group), 4-(higher in SCNT group) and 8-(higher in SCNT observed at blastocyst stage. The degree of ROS derived from zona free IVF embryos in comparison to zona free SCNT reconstructs.
During this study, unlike the zona free IVF embryos, in some of the SCNT embryos one or more compared to other blastomeres (Fig.3) . Fig.3 : --Also, it has been reported that some blastomeres, due to asymmetrical division, are non-nucleated. In order to understand if this phenomenon has any relation to intensive ROS levels within blastomeres, the SCNT embryos with non-uniformed ROS staining were also stained with viable chrono relation was observed between ROS intensity with presence or absence of chromatin in each blastomeres. As shown in Figure 3 , except for one blastomere without nucleus (arrow), all the other blastomeres with high ROS intensity had nuclei.
Discussion
The results of this study showed that the relative ROS production in zona free IVF derived embryos decreased following fertilization, began to rise at around zygote genomic transition (ZGA) which occur around 8-16 cell stage (17), and substantially increased from compaction to the blastocyst stage. The overall trend of ROS pattern in developing SCNT embryos was similar to zona free IVF embryos, except for the time of ROS raise that apparently took place at earlier stages (4-8 cell stage) in SCNT embryos. The increase in relative ROS production around the ZGA in consistent with the previous reports in other species [mice: Nasr-Esfahani and Johnson (9) Although, the pattern of ROS production is speof ZGA in developing embryos of mice and other animals investigated so far, coincides with a sharp number of studies have shown that antioxidant supplementation of culture medium, particularly around the peak of ROS production, improves developmental competence of embryos (13, (21) (22) (23) , thus suggesting a link between REDOX state and ZGA arrest embryos. In agreement, it is frequently mences, majority of the cleaved embryos may progressed to the stage which coincides with ZGA irrespective of their initial quality. Therefore, arrest around the ZGA period is considered the bottleneck of in vitro embryo development (18) . In this sense, the increase in ROS production also occurs around the ZGA stage, and therefore, supplementation of antioxidant around 8 to 16 -cells stages and after that when ROS level substantially increases, may improve in vitro development of goat embryos.
In accordance with previous reports in other species, (9, 12, 13), we also observed a substantial raise in ROS at compaction and blastocyst stage in both groups. This rise in ROS production, is very likely to be related to a switch from anaerobic to aerobic glycolysis, since the ATP production becomes dependent on Krebs cycle after ZGA while before this stage ATP production is mainly dependent on glycolysis. The IVF compared to SCNT derived blastocysts and this is likely due to higher quality and metabolic activity of IVF derived embryos, but this conclusion needs further validation. Another interesting observation in this study was the higher ROS production in some nucleated blastomeres of SCNT embryos which was rarely seen in IVF derived embryos. The reason for this difference remains to be elucidated.
Conclusion
of ROS production in reconstructed embryo derived from SCNT procedure and in zona free goat embryo. The results showed two major time points of increased was observed during ZGA and the second raise took place during the period of blastocyst formation. These results may emphasize the special need of SCNT and zona free IVF derived embryos to external source of antioxidants during these two critical stages of devel-bryo production from these two techniques. 
